Objective: The purpose of this study was to compare with different distance across three conditions in stroke survivors with the grading of cognitive state. Design: Cross-sectional study. Methods: Twelve stroke patients who agreed to active participation were included. Participants were allotted to normal cognitive (CN) group (n=7) and cognitive impairment (CI) group (n=5) and then walked on a self-paced walkway at three conditions on the Time Up and Go (TUG) test and the 6 minute walk test (6MWT): 1) walking with your comfortable speed, 2) walking while carrying a tray with glasses, 3) walking with a verbal cognitive task. The TUG test was repeated three successful times on each condition. For the 6MWT, participants were tested one time. Results: The CI group walked slower than the CN group at the three conditions on the TUG test. However, there was no significant difference between two groups to each condition. A significant effect of dual tasking was found only in error of verbal cognitive task condition for the TUG test (p<0.05). On the 6MWT, the participants in the CI group walked short distance rather than the CN group (p<0.05). There were significant differences between two groups not only at all conditions but also at error of verbal cognitive task condition as well (p<0.05). Conclusions: To consider the results of different distances such as the TUG test and the 6MWT, we think that exercises in long distance would be more effective to patients with CI. Those would be improved patient's endurance in cognitive problem.
Introduction
Walking is simplistic but has been essentially one of automatic motor tasks. For those tasks, cognitive function is a chief function of communicated walking [1, 2] . People need to perform motor tasks and cognitive functions under normal circumstance such as carrying out two different tasks at the same time. Therefore, research about interaction between cognition and motor control has become a focal field to understand recovery of motor control in patients with neurological injury such as stroke.
Dual task study has been used to investigate interactions between cognitive performance and motor behavior [3] .
People with neurological deficits such as stroke have been debilitated to gait ability and cognitive performance with dual-task. Several studies about the change of gait or balance during doing a cognitive task have been reported [4, 5] . Gait speed and stride length in people with post stroke were decreased while walking on the surface of the ground with dual task [6, 7] . Canning et al. [8] also found that walking performance in survivors of stroke can deteriorate (reduced gait speed, stride length, step length, and cadence) under dualand triple-task conditions, similar to that observed in elderly people.
Bowen et al. [9] reported that performing a cognitive task while walking adversely affected stroke patients' balance Original Article and gait velocity. Cockburn et al. [10] also found positive evidence of dual-task gait decrements when a cognitive task was performed concurrently in subjects after stroke. Each patient has different level of dual task interference so the evaluation of a patient's performance about dual task should be considered to treatment process.
Cognitive impairment (CI), acutely or sub acutely, after an acute neurologic event with a stepwise progression is a typical history suggestive of vascular dementia [11] . CI may lead decrease in functional capacity. Therefore, it affects rehabilitation outcomes in stroke [12] . Stephens et al. [13] reported that mild global CI and mild attention loss had negative effect on ADL in the older stroke survivors.
Stroke may cause CI, and the domains most likely to be defective are memory, orientation, language, and attention [14] . Community ambulation is a valuable follow-up measure because of decreased physical capacity and impairment in cognitive functions may interfere with walking ability after stroke [15] .
Previous research has not determined which aspects of cognitive activity cause disruption to gait after stroke. Most gait-related dual task studies have examined the effects of only one cognitive task [9, 16] . Plummer-D'Amato et al. [3] examined the interactions between gait and three different cognitive tasks in a community-dwelling stroke population.
Research is lacking on the difference grading the cognitive state of patients in dual tasks.
Therefore, identification if the performance of activity associated with the different cognitive state of patients with stroke in dual task may be meaningful to inform clinical evaluation and rehabilitation protocol.
The purpose of the present study was to investigate the performance of ability in dual task to patients with the different cognitive state post stroke.
Methods

Subjects
A convenience sample of 9 men and 3 women who had had a stroke was recruited for the study. 5 individuals had a left hemispheric stroke, and 7 individuals had a right hemispheric stroke. Participants were recruited from the Bobath Memorial Hospital. Stroke survivors were included if they met the following criteria: (1) at least 6 months after stroke as diagnosed by a medical physician, (2) ability to walk continuously for 10 meters independently without walking aid, (3) ability to hold a glass full of water with the non-affected hand, and (4) no aphasia or dysarthria interfering with verbal tasks.
Participants were excluded if they had more than one stroke, other neurologic disorders (e.g., Parkinson's disease and traumatic brain injury), and visual field defects. Cognitive status was examined using the Mini-Mental State Examination (MMSE). The study was approved by the institutional ethics committee, and participants signed written informed consent prior to participation.
Study protocol
The purpose and procedures were fully explained, and informed consents were obtained from the subjects. Each subject was evaluated individually and tested following a standard protocol.
According to the MMSE total scores, 12 patients were divided into two groups. First group was consisted of cognitively impaired patients (n=5, MMSE＜23). Cognitively normal patients (n=7, MMSE＞24) [17] were included in the second group.
For each subject the gait performances on Time Up and Go (TUG) test and 6 minute walk test (6MWT) were measured in three conditions: (1) preferred walking (single task); (2) for dual motor task, walking carrying a tray with glasses (tray-carrying task); (3) for dual cognitive task, walking with listening to an auditory verbal stimulus.
The instructions for each test condition were as follows: (1) "Walk with your comfortable speed right to the end of the walkway."; (2) "Walk with your comfortable speed right to the end of the walkway carrying this tray and glasses in front of you with both hands." For the tray-carrying task subjects have to keep the glasses on top of the tray without any dropping anything or else that would be considered as a fail.; (3) Walk with listening to the auditory verbal stimulus and responded by saying 'yes' when they were instructed not to the word 'red' and 'no' to the word 'blue'. If the word is neither 'red' nor 'blue', they do not response. The TUG test at each condition was repeated three successful times and the means were used for data analysis. For the 6MWT, participants were tested one time on each condition.
For the verbal stimulus, a therapist installed Recording application (Easy Voice Recorder Pro 2013) on two auditory recording devices (GALAXT NOTEⅡ, Samsung, Gumi, Korea, 2013) ( Figure 1 ). The therapist recorded the words for the auditory verbal stimulus and a subject heard his voice through an earset device Bluetooth Earset (Iriver, Dongguang city, Guangdong province, China, 2013). The 
Procedures
Two researchers participated in this study. One walked just behind the participant to ensure safety and the other counted error during dual tasks. Subjects took a break after each trial. We gave standard instructions to the subjects i.e. to start walking after hearing 'Ready, go', and to keep walking until asked to stop.
To reduce learning effects, participants were given only one untimed practice trial as required on both single and dual-task conditions to familiarize them with the procedure. The order of the trials was randomized and while performing dual-tasking trials there was no instruction to prioritize gait or cognitive task.
For both motor and cognitive tasks, the researcher used a stop watch to ensure accurate timing of tasks and also made a note of any inaccurate responses during the cognitive task. To measure the distance walked during 6 minutes, a participant was requested to walk at his/ her comfortable pace and to concentrate on both walking.
Timed Up and Go test
Single task TUG test During a single task condition, Participants only performed the TUG test only (without a secondary task). A standard armchair was used, and a cone was placed at the 3-meter mark of the walking path. Participants sat comfortably with their back against the chair and the researcher gave the instruction as follows. "When I say "Go," please stand up from the chair and walk to the cone; turn to your right/left after you pass the cone, walk back, and sit down on the chair; please walk at your comfortable speed." We asked the participants to turn towards the paretic side for 3 trials.
Dual motor task TUG test
For the dual motor task condition, participants sat comfortably with their back against the chair while holding a glass half of water with their non-affected hand [18] . When the researcher said "Go," they stood up from the chair, walked 3 meters with a comfortable peed, turned 180 o towards the paretic side, walked 3 meters back to the chair, and sat down. This was repeated for 3 trials.
Dual cognitive task TUG test
Participants sat comfortably with their back against the chair. The participants walked while listening for the auditory verbal stimulus through a earset and responded by saying 'yes' when they heard the word 'red' and 'no' to the word 'blue'. If the word is neither 'red' nor 'blue', they are not to respond. When they heard "Go", they stood up from the chair, walked 3 meters with a comfortable speed, turned 180 o towards the paretic side, walked 3 meters back to the chair, and sat down. This was repeated for 3 times. Two researchers followed behind a participant; one measured total distance traveled (m) and the other recorded the number of error.
6-minute walk test
Single task 6MWT During a single task condition, Participants only performed the 6MWT only (without a secondary task). The Values are presented as n (%) or mean (SD). CI: cognitive Impairment group and below more than 23 score, CN: normal cognitive group and above more than 24 score.
6MW was administered as a measure of walking performance. Participants were instructed to walk as fast and as far as possible in a single corridor with 180 o turns for 6 minutes.
Dual motor task 6MWT
For the dual motor task condition, when the researcher said "Go," participants walked in a single corridor while holding a glass half of water with their nonaffected hand [18] . Participants were instructed to walk as fast and as far as possible in a single corridor with 180 o turns for 6 minutes.
Two researchers followed behind a participant with measuring total distance traveled (m).
Dual cognitive task 6MWT
When the researcher said "Go," participants walked in a single corridor. The participants walked while listening for hearing the auditory verbal stimulus through a earset and responded by saying 'yes ' when they heard the word 'red' and 'no' to the word 'blue'. If the word is neither 'red' nor 'blue', they are not to respond. Two researchers followed behind a participant; one measured total distance traveled (m) and the other recorded the number of error.
Data analysis
PASW Statistics ver. 18.0 (IBM Co., Armonk, NY, USA), was used in performance of all statistical analyses. The dependent variables were dynamic balance test and gait function. General characteristics of the subjects and variables followed a normal distribution. The independent t-test was used for analysis of between groups of dependent variables. Results were considered significant at p＜0.05.
Results
The general characteristics of ten subjects with stroke who fulfilled the study inclusion criteria are summarized in Table 1 . No significant differences were evident among the three groups in terms of baseline values. The CI group walked slower than the cognitive normal (CN) group at the three conditions on the TUG test. However, there was no significant difference between the two groups to each condition. A significant effect of dual tasking was found only in error of verbal cognitive task condition on the TUG test. On the 6MWT, the participants in CI walked a shorter distance rather than the CN group. There were significant differences between the two groups not only at all conditions but also in the error of verbal cognitive task condition as well in Table  2 .
For the TUG test, there was no significant difference between CI group and CN group to the mean of the TUG test. Mean of the CI group was 41.89 seconds and that of the CN group was 19.31 seconds.
In the condition of carrying a tray with a glass, there was no significant difference between the CI group and the CN group to the mean of the TUG test. The mean of the CI group was 49.98 seconds and 21.38 seconds for the CN group. For the dual cognitive task, in the condition of walking with listening for the auditory verbal stimulus, there was no significant difference between the CI group and the CN group. The mean of the CI group was 58.59 seconds and 21.21 seconds for the CN group. The mean of error on the TUG test Figure 3 . Differences of balance and gait parameter in cognitive impairment (CI) group and cognitive normal (CN) group. * Significant difference between CI group and CN group (p＜0.05). TUG test: Timed Up and Go test, 6MWT: 6 minute walk test, Y/N: yes/no (cup: dual motor task, yes/no: dual cognitive task). during dual cognitive task was 11.70 times in the CI group and 0.39 times in the CN group. There was a significant difference between groups with a p-value of 0.037. For the 6MWT, there was a significant difference between the CI group and the CN group. The mean of the CI group was 115.97 m, and 212.03 m for the CN group (p=0.022). In the condition of carrying a tray with a glass, there was a significant difference between the CI group and the CN group. The mean of the CI group was 101.57 m, and 185.87 m for the CN group (p=0.033). For dual cognitive task, in the condition of walking with hearing the auditory verbal stimulus, there was a significant difference between the CI group and the CN group (p=0.011). The mean of the CI group was 99.68 m and that of CN group was 198.93 m. The mean of error on the 6MWT during dual cognitive task was 66.40 times in CI group and 1.86 times in CN group. There was a significant difference between groups (p=0.011) (Figure 3 ).
Discussion
Standing balance might influence ambulation; however, other factors are necessary for building community ambulation. It is concluded that combining the walking ability with other factors such as cognitive and behavioral functions is necessary to achieve the community ambulation [15] .
In this study, the factors that may affect community ambulation like balance, motor functions, and endurance, walking speed were evaluated with the TUG test and the 6MWT. In addition, this study has demonstrated the effect of various dual tasks between impaired cognition and normal cognition in patients with stroke.
Paker et al. [19] reported functional follow-up parameters were significant improved in both the cognitively impaired and normal groups. However, it did not show statistically significant difference statistically between the groups. The community ambulation rate was higher in the cognitively normal group. On short distance such as TUG test in this study, although there was no significant difference between the CI group and the CN group in three conditions; only walking, dual motor task (walking with carrying tray), and dual cognitive task (walking with verbal response), participants demonstrated deterioration to complete TUG test including longer time both CI group and CN group. This finding corresponds that Manaf et al. [20] found the time taken to complete the TUG test across different attentional conditions (dual motor and dual-cognitive) in patients with stroke.
However, on the 6MWT in the conditions, there was significant difference between both groups. The 6MWT is prolonged walking and is used to measure endurance ability [21] . Especially, participants in the CI group demonstrated a higher number of error when they were required to perform dual cognitive task on the 6MWT than that of the CN group.
Patient characteristics, provider perceptions, practice guidelines, and available treatments may all play a role in shaping the impact of CI on stroke rehabilitation outcomes [22] . For instance, a cognitively impaired patient may not be able to provided the same level of rehabilitation because of his/her impairment [23] . Therefore, cognitively impaired patients may not be able to benefit fully from rehabilitation because of their impairment [24] . Research suggests that this may occur in patients with a sensory deficit (contralateral neglect), deficits of attention, or impaired comprehension and learning [25, 26] . Previous research has suggested that mathematical subtractions (which relies more on working memory) generate a greater cognitive load than verbal fluency (which relies more on semantic memory) in frail older adults [27] . Others have suggested real-time feedback on balance and gait performance of chronic hemiparetic stroke survivors. For example, as Chung et al. [28] reported that core stabilization exercise with real-time feedback improved balance and gait function in patients with stroke patients.
Even though the CI group showed difference of mean intra-group, there was no significant difference with three conditions on TUG test. It means that the participants with CI were not affected to type of dual task on the TUG test.
While comparing the error of the TUG test between the CI and the CN groups, the CI group made an average of 11.7 errors composed 0.39 errors made by the CN groups. The rate of error on the 6MWT was 66.40 times in the CI group and 1.86 times in the CA group. To consider the results, participants in the CI group did not pay attention to the therapist's instruction and frequently made mistakes not to relate with distance. For the CI group, it is better to use a cognitive task rather than a motor task on the TUG test because walking speed decreased significantly. Kim and Lee [29] reported the action observation training that is a cognitive intervention method was significant improvement in the TUG test on stroke survivors. CI side should be treated due to decrease walking speed. Shin and Lee [30] reported that the average decrease in the time required during TUG test with additional weight was 14.57 seconds, a 55% improvement. The additional weight consists of two devices (weights and jacket) and two different weights (0.1 kg and 0.5 kg) were used during gait training. Chung and Lee [31] used treadmill gait training to investigate TUG test for patients with stroke and got a result of decreased TUG score. Noha et al. [32] got a result that TUG showed significant improvement with use of the elastic band orthosis.
When considering the mean of the 6MWT, long distance, the CI groups was affected from cognitive tasks rather than motor tasks, but the CN group did affect from motor.
This study has several limitations. First, one is the low number of patients as a sample size. Second, although participants were randomly assigned, we did not analyze their long-term outcomes. This study mainly focuses on cross-sectional observation. Therefore, we suggest future study with use of a different study design such as randomized control trial. It may increase potential clinical benefits. Lee and Choi [33] reviewed the effects of dual-task training for stroke survivors. They introduced that Yang et al. [34] reported that the walking variables between socially independent group and limited group after stroke showed no big difference. While doing dual-task rather than single task, walking speed of all group were decreased.
To consider the results of different distances such as the TUG test and the 6MWT, we may suggest that exercises in long distance would be more effective for patients with CI. This would improve the patient's endurance with a cognitive problem.
